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THE FORMATION OF CYTOPLASMIC PARTICLES DURING CELL 
GROWTH AND DIVISION 

By 

GEOR(-E WEBSTER 

Institute for Enzyme Research, University of Wisconsin^ Madison, Wiconsin, USA. 

The extra-nuclear portion of the cells of higher organisms (the cytoplasm) 
contains several major particulate elements. In most cells, the mitochondria and 
the endoplasmic reticulum constitute the most prominent particulates, while green 
plant cells also contain chloroplasts. Young cells usually do not contain a 
prominent endoplasmic reticulum, but contain instead a number of small ribonuc- 
leoprotein particles (ribosomes). As the cell matures, the extensive membrane 
system of the endoplasmic reticulum is formed, and the ribosomes are seen to be 
attached to tlic membrane network. (Porter, 1962) 

An integral part of the formation of new cells during the growth of an 
organism is the formation of new cytoplasmic particulates. We liave initiated an 
investigation of the manner in which the major particulates of the cytoplasm are 
fonned. The results, although still in an early state, are indicative of a highly 
unihed method for the formation of the major cytoplasmic ])articulates. 

Formation of ribosomes. Ribosomes are spherical particles with diameters of 
200-300 Angstroms and molecular weights of 3-4 million. They are composed of 
approximately eciual amounts of protein and ribonucleic acid (RNA). Ribosomes 
from various organisms are remarkably similar in structure and composition 
(Webster and Whitman, 1963). The protein portion of ribosomes is built up 
from a large number of a few kinds of protein sub-units of molecular weight of 
about 25,000, The RNA portion consists of one or two large RNA molecules. In 
addition to the ribosomal RNA itself, ribosomes usually have some messenger 
RNA and some amino acid transfer RNA associated with them. 

The question, therefore, is where and how the ribosome is formed. By use of 
the large, singlc*cell marine alga, Acetabularia crenulata, v/c have obtained clear 
evidence that the protein of ribosomes is formed in the cytoplasm, probably by 
otlier ribosomes (Webster, et aL, 19 >2). Acetabularia cells can easily be enucleated, 
and we have found that cells lacking a nucleus arc just as capable of forming 
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ribosomai protein as cells which have a nucleus. Further exptui'ments are contem- 
plated to determine with certainty whether ribosomal protein is ituleecl formed i>y 
ribosomes. 

Similar experiments have shown that ribosomal RNA is likewise formed in the 
cytoplasm of cells lacking a nucleus (Sutter, rl nL, 1961). This cytoplasmic 
synthesis proceeds for only about ten days following the removal of the nucleus 
(Webster, et al, 1962), however, and it is not at all certain thai rii.iosomal RNA is 
normally formed in the cytoplasm. In any event, the forinatioii of an intact 
ribosome from ribosomal RNA and ribosomal protein stdrunits is probai>ly a spont- 
aneous process, because ribosomal protein sub-units have been ^hown to aggregate 
together spontaneously under proper conditions to form an intact ribosome in 
much the same way that an intact tobacco mosaic virtis can lie formed from the 
viral RNA and protein sub-units (FraenkebConrat and WilliamSi Pjaa). 

Formation oj endoplasmic reticuIuttL The endu|ilasniic: reiiciihim consists of 
twO' 'major structural elements: a network of meniliranes, and, attaclied to the 
membranes, the ribosomes. The formation of the leticulum thiring ilie matuiation 
of cells is apparently the result of the uei synthesis of the enl ire network of 
membranes. The structure of these membranes, and tire manner in witidi !lu»y 
are formed are essentially unknown. In fact, little is known aliom the reticnlum 
membranes except that they contain a number of difrerem en^yturs. The best 
possibilty for their formation is that they are synthesized hy the rilansornes (wliich 
are known to be major sites of protein synthesis in the cdli. Hie detet niinaiion 
of the manner of synthesis oi the membranes, however, mmi await the determina- 
tion of their structure and composition. 


Formation of mitochondria. The possibility that mitochondria are $elf-rc*plicai- 
ing bodies has been entertained for a long time, and this possilnlity has been 
strengthened by the reports of a number of investigators that isohued mitochondria 
are able to incorporate amino acids into pioteins uiuier coiuiitinns \v!dc:h allow 
oxidative phosphorylation to proceed. However, recent studirs with liver 
mitochondria produced the puzzling finding that isoluium of ilnce dillereiu 
proteins from mitochondria which had incorporated signiiicani miomm of amino 
acid revealed that none of these proteins contained incor|Hiiaird airiino aci<l 
(Roodyn, et al, 1962), Ihis suggested either tlrnt onlv cerlain pitueins aie formed 
by the mUochondria under the experiintuvtal cmndiiioris, or in.ii the aniino acid 
incorporation which has been measured previouslv is an aiuiati and is not 
the result of mitochondrial protein synthesis. \Vc, therefore, have examined file 
ability of miioclmndna to form the various piotidns ol \vhirdi ihcMBkochcnHlria 

of highly-activc mitochondria from lirait rriuscic has 
been developed to a high degree m this laboratory (Green, 196:1). Hiich mitocfioiw 

efficientlv^T substrates of the Krebs cycle ami lo form ATP very 

be capabk of Jh °yS”a! 

structrnrwhSlrm^f muscle are composed principally of a mcrnbnine 
which forms a supporting vehicle for small particles (elementary mitklesl 

Swir fT The membrane structure is con pos * of1 

network of phospholipid and a specific, low molecular weiedu. siruc^S oTote , 

A major portion of the mitochondrial portein is this structural 
anTrTcrLntl^^^^^^ of flavoprotein dehydrogenases and cytodiromes 

the criterk ^'ised^^bV^pTv^rus lake up amino ..cids, and by 

y p vious investigators, incorporate the ammo acids into 
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taiitochondrial protein. However, when each of the major components of the 
mitochttndrion (structural protein, cytochromes a, b, c, c^, or the entire elementary 
particle) is isolated, the purification process is accompanied by a complete loss of 
incorporated amino acid. The amino acid is found in the lipid fraction wh ch is 
removed during purification. Therefore, it has not been possible to find any 
evidence that mitochondria are capable of forming their constituent proteins or of 
replicating themselves. The ease with which mitochondrial components can be 
reconstituted into more tjomplox functional structures has led to the suggestion 
(Green, 1963) that mitochondria are formed by a spontaneous aggregation of their 
component parts. The inability of mitochondria to replicate these parts raises the 
question of where the parts are formed. At present, there is no information on 
this question. 

Therefore, the formation of the major structures of the cytoplasm appears to 
be a problem that is now amenable to solution. Some of the misconceptions 
regarding the manner in which these structures are formed have been removed, 
and experimental approaches to the problems arc available. Within the next 
several years considerable information should appear regarding these questions. 
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r/NfeiS AND GROWTH OF PSEUDOTHMOURS (MELANOTIC 
TUMOURS) IN DROSOPHILA 
By 

C. BARIC, OZZI 


Imlituio di Genetica, University of Milan, Italy 
Th^ tiieHnotic tumours of Insects, and especialiy of Md 

St" fgenSSl "S^kstnir^ni a getu-raf survey 1 
of the problem see : Barigozzi, 1961). 

■> •■•'TBp hHtk masses are attached to viscera, and are sometjme.s so large as to 

rsrp". of .he awenc,. Eve ^ >he» oo™! ^ 

tumours domot cause any apparent harm to the a 

the iTiiiorkv of the stocks, melanotic tumours ate very tail, tonh < xtt.puonaity 

neousW vefy hifth percentages and even lOO-;,.. Melanotic turnon. s can .1* 
k one'ot r^oremaLs. Inttock tu A, the most gencr-ti k 

presence of one or few abdominal masse .s . in neatly a .i . - ,1,,. t ttf 

5resenfldca-ted in the middle of the thorax (hg. 1«). Vety P‘'‘f 

Lck Freckled (a dominant character) where imy black "'»f ' f T'- 

ones located. in the,abdomen) are scattered tlnoughoui the 

ing.vthprhe^4/ forming; peculiar Ne(iucuces aloug tlu: aaiia tu uihu myms 

(see fig. Id). 



a stock tu Aa ; b slock tfi Tg ; c akiuHt tuiuDilrM lilULk ; i I’rriklr.l 
The production of these masses poses the problnn of thrir iiatute and of 

their growth. Both are discussed in the present paper. 

The nature and the formation of the melinotic tumour* i 

{a) The nature of the melanotic mature tumours is easily understood study- 
ing their structure. In all stocks investigated so far (especially wlieii tumours arc 
not located in the fatbodies, where the conditions tniglu. be diirc.reiii, and with 
the exclusion of those referred to as “malignand* studied by El Sliaioiiryi I955#^i)» 
the tumour contains very few cells embedded in a large ariiomit of a black and 
breakable substance, which proves to be melanine (Riilirborig Hence it 

is out of question that nearly all melanotic masses^ which the auiliof has prO'poscd 
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to call pseudo tumours, are not real tumours. Moreover they are a production of the 

cell metabolism. 

{b) The formation of an inherited melanotic tumour does not follow a uni- 
form process. We know nonetheless a majority of stocks where the melanine 
clump is the product of the following series of phenomena : 

1. release of cells from the lymph gland 

2 . congregatioxi of a given type of haemolymph cells (the large ones, see 

later) and change of their shape, which becomes thinner and flat. 

3. production of melanine by the congregated cells, which remain em- 

Ixxlded within the melanine (Gastiglioni, 1957). The first step occurs 
as a physiological fact prior to any tumour formation ; the second one 
is actually the initiation of the tumour and brings to the formation 
of colourless masses, referred to as preiumours. The release of cells 
from the gland is connected with the structure of the gland itself, 
which becomes loose and even more of less largely disintegrated 
during the larval life (Fig, 2). 

Although it is not excluded that multiplication of a given cell type may be 
paiticularly active under the influence of the hereditary hictors which control 
tumour production, the phenomena described bring to conclude that the formation 
of a tumour in DrosO})hila is not predominantly caused by cell multiplication, but 
by congK^gation of cells already present, and that the cell type capable of produc- 
ing melanine is a normal one. These facts mark a clear cut difference with neo- 
plastic growth. 

For a better understanding of the findings described above, it is necessary to 
say a few words about the structure of the lymph gland and of the cellular elements 
of the haemolymph. 

The lymph gland (Gastiglioni 1955, 1956, 1957) is a bilateral organ (not 
completely symmetrical in its two halves) located along both sides of the aorta. 
Eacli half consists in a series of solid lobes, the anterior being generally larger 
than the posterior ones. Within each lobe there are a number of cells, which 
show cliirerent shapes and structures. Their analysis is difficult until they leave 
the gland : generally, this occurs during the larval life. In many tumorous stocks 
the gland loses the majority of their cells, thus looking as disintegrated. 
Disintegration is completed before pupation, with great individual variation. In 
tlic tumour free stocks the gland may I'cmain intact. In any case, the gland lacks 
in the adult. 

Tire cells released from tlte gland swim freely in the hacmocoele. It is 
possible to count and to classify them. Their number increases during the larval 
development as shown on Table 1 for the stock melanotic e 144 (Halfer 196t). In 
t lie same stock it has been found that the total number of haemolymph cells 
proved to be related to the tumour incidence, and to change through selection. 

Select t?ii lines reaching a very high tumour frequency had per full grown 
lai v.i (iniiL 4*5 -5} an average of 3268*8 cells (from the total amount of lymph, 
co!i< cfCii tlirotigh dissection), versus an average of 1223*8 in the control and of 
ri2!Sil in a line selected for low tumour frequency. This means that cells multi- 

pliCiit ion and cell release are genetically controlled. 

Regnarding the different cell type of the haemolymph, there is no full agree- 
ment as far as the classification is concerned. 
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Varese 


h 



Fig. 2 

Scheme of formation of a pseudotumour in stocks tu J'lfui in ifi I lympli 
gland remains intact in tumorksi varese arul ilkifiicgraies in m 

and tu 



TABLE 1 


Total number of haemolymph cells and means of the different cell types per 
individual of larvae of different length (stock melanotic e 144) 


Length n, of cells 

Small 

Percentag of cells 
Mid sized Large 

Crystalloid 

mm. 3-3,5 

794 

18,1 

63,9 

15,7 

2,3 ' 

mm. 3, 5-3, 9 

1700 

27,3 

58,8 

10,9 

3,5 

mm. 4 0-4, 4 
without tumour 

4035 

30,7 

62,8 

3,9 

2,6 

mm. 4,5-5’0 
without tumour 

4652 

32,3 

59,8 

4,7 

3,2 

mm* 4’0-“4,4 
with tumour 

3243 

41,2 

54,3 

3,1 

1.4 

mm. 4, 5-5*0 
with tumour 

6119 

43,6 

50,0 

4,6 

1,8 


One scheme is proposed by Rizki (1962), who distinguishes only two main 
types of cells : the plasmatocytes and the crystal cells. The former ones (consti- 
tuting the 90-95% of the whole haemocytes) show two variant : the podocytes, 
characterized by pseudopodcs, and the lamellocytes, which are flat and large! 
The findings are based on observations in vivo. The other scheme, proposed by 
Castiglioni (Castiglioni 1957 ; Barigozzi, Gastiglioni and Di Pasquale 1960)^ baaed 
on stained material, is not fundamentally different. It distinguishes the non 
crystalloid cells in three variants : small cells, mid sized cells, large cells. The 
last ones (presumably corresponding to the lamellocytes of Rizki) in the stocks 
studied by our group proved to be the only type capable of producing mclanine, 
after a change of shape : they become very thin, flat and lanceolate. 

For this reason the interest has been mainly focussed on the large cells 
and many countings have been made. It turned out (Table 2) that thr tumourous 
stocks behaving in the way described hitherto, have at least nearly 2% of large 
cells when the larvae arc in the instar The changes of frequency of the large 
cells during the larval development is shown on Table, 3 which permits the 
following remarks : 

1, one stock is very precocious in having a detectable frequency of large 

cells (tu-So<^), and another is very late (tumourfree Itr/ltr). 

2. in some stocks there is a decrease of large cells during the larval develop- 

ment, stock tu B/j shows an increase, and the tumourfree stocks there 
is Constance or irregular changes of the cell number. 

The tendency to numeric reduction shown by the large cells is interpreted 
easily as a result of their clumping to form tumours. Where there are no tumours, 
no large cells are kept out from swimming freely in the haemolymph. 
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Varese 

0-0 

S. Maria 

2-7 

tu-SoC 

3-1 

b cn vg 

5-3 

tu-Aa (2° cr. tu) 

85-2 

tu-Bg (2° cr. tu) 

66-5 

tu-mwh 

4-5 

tu-A, (ricomb.) 

0-0 

tu-Bg (riemob.) 

0-0 

Itr/ltr 

-w 

Itr/Sb Me' 

0-0 


23-7 

73-5 

1*7 

26-0 

71-4 

1*7 

24-2 

89-6 

4*2 

20-1 

71-8 

4*5 

32:3 

53-4 

12*4 

12-6 

6.5*7 

19*1 

12-3 

68*0 

16-1 

41-0 

44*3 

12*8 

29-9 

46*2 

21*0 

48-2 

37-8 

12*0 

19-7 

71*0 

6*2 


1*1 

;::d 

7r>7.5 

t)*!) 

2d 

UiO:52 

2-0 


2-I922 

3*(> 

2b 

1 .j4.iU 

1*9 

2b 

i7l3(i 

2'i> 

20 

2<K)2y 

:hi 

20 

3 10.. ‘4 

1*9 

20 

32: '63 

2*9 


15991! 

2*0 

30 

6232 

3*1 

24 



The case of tu B3 deserves a special consideratioiK this stmik ihf h inph 
gland releases some isolated cells during the whole lurvul sc;u.pT» l nil 
entire lobes detach and melanization occurs only inside thein. ^ In cHher woril.H, 
large cells melanize without being released from the glands l!ns v.inanl is not 
the only known. In tu-rnwh (Castiglioni, personal comnnuiicaUon^ the lyiiiph 
gland is severely dissolved, and many cells released, but the nirlaiii/.*iti0n uceurs 
inside the gland lobes which remain attached to the gland. In this stock also 
pretumours are made up of elongated cells ; simultaneously, in some individuals 
the imaginal discs become irregular, development slops and dc:til!i followuu I tie 
connection between lethality and production of tumours remains entirely obscunn 


■rA.BLK *3 


Percentages of the large cells related to the gcnoty|H: ami 
to the body length of tlie larvae 


Genotype 2-2,5 2,5-3 

3-3,5 

length ol the larvae iti 
3,0-4 4-4,5 4,5-5 

innn 

•>,5-6 

0- 

Varese 

- 

2*4 

b-U 

2*8 

1*4 

- 



S. Maria - 


1*2 

3*3 

1*2 

2*6 


- 


b cn vg 

- 

2*5 

6*1 

5*1 

2*0 




tu-A 2 ( 2 ° cr.tu)- 

- 

33*9 

13*0 

10*9 

6*0 



- 

tu-Bg (2° cr. tu) - 


9*7 

12 -y 

12-1 

23*2 



• 

mwh-tu — 

- 

43*6 

12*4 

14*2 

16-1 


« 


SoC-tu 10*6 

12-0 

7-2 

2*6 

4*5 

— 

- 

** 

— 

Itr/ltr 

- 

- 

- 

18*8 

11-4 

11*2 

M‘8 


Itr/Sb Me' - 

— 

8*8 

6*8 

6*6 

5*3 
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The list of different pathways through which tlie lymph gland and the haemu- 
lymph cells pass to reach the melanization phase shows clearly a considerable 
variety. Although the present paper is mainly concerned with the reference of data 
of our group, a mention must be made of the case described by El Shatoury 
(1955), where malignant growth is claimed to occur, and that of tu''^ (Ivizki, 195 ), 
where the melanotic masses are produced in the caudal fatbody, from aggiegations 
of larnellocytes (according to Rizki’s nomenclature, possibly corresponding to the 
large cells of Castiglioni). In the stock Freckled a similar phenomenon may be 
also present. 

The relationship between larval age and melanization : 

The relationship between larval development (expressed as Imwal laigth) 
and cell number (expressed as total number and relative frequency of the di lerent 
cell types) has been already analysed. We must now consider the relation- 
ship between larval development and melanization. A first datum is gathered 
classifying larvae in tumours and non tumours at difierent length. One lemarks 
(Table 4) that the genotype controls very clearly the phenomenon. Ihe actual 
growth of a tumour starts when the melanine is sufficiently abundant as to be 
seen at a magnification of 4J times. Ixispecting the table,. one sees Jiow late is 
tumour growth in tu A^ and, conversely, how early, tu-bo^^ and m tu-w. iNo 
connection seems to exist between the length at which the first tumour appears 
and the frequency of tumour present at the end of the larval stage. One example 
is known (Freckled) where the adults show 100% of tumours and no tumours are 
detectable before pupation. 

I'AbLE 4 


INo. of larvae having at least one pseudotumour belonging to different stocks 


length 

: mm. 0’5-i 0 

1-0-1-5 

1-5-2-0 

2,0-2 -5 

5-2-3-0 

3-0-3, 5 

3-5-4-0 4-0-4-5 

Stocks 

: tu Ajj 

0 

0 

0 

0 

2 ■ 

15 

33 

89 

» 

: tu B3 

0 

0 

0 

2 

15 

37 ■ 

58 

87 

n 

: tu G4 

0 

0 

0 

0 

i5 

24 

55 

83 

>» 

: tu D 

0 

0 

0 

0 

8 

25 

52 

60 

»> 

: tu-w 

7 

8 

9 

9 

9 

18 

14 

15 


: tu-y Hw 

2 

3 

5 

4 

8 

10 

8 

13 


: tu-NB-S 

6 

6 

7 

5 

7 

12 

23 

18 

if 

: tu-mwh 

1 

3 

3 

6 

9 

32 

38 

38 

a 

: tu-So<^ 

8 

17 

20 

33 

22 

9 

16 

5 


A special consideration deserves stock tu-So^--, where tumour incidence 
decreases in the largest larvae, if compared with the incidence in earlier stages. 
The reason of this fact is not clear : possibly a proportion of tumorous larvae dies 
at a length of 2*5-3*0 mm. , : 

The number of melanotic masses is difficult to assess precisely, even in dis- 
sected larvae, because, in several cases, it is difficult to distinguish between one 
single large and irregular mass and many small masses tied together ; nonetheless 
some attempts have been made. Comparing different larval lengths one finds a 
different incidence of larvae having m ore than 4 tumours. 
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From Table 5 we reach two conclusioas : ■ 1st, that between itocks there is & 
strong difference as far as the existence of multiple mekriizimi points is coiiccrtiecl, 
2 nd, that a large part of the genome seems to be involved in the process, if there 
is such a big difference between the original stocks and the genotypes derived 
from them, where only the 2 nd original chromosome is present , 


TABLE 5 

Percentage of more than 4 tumours per larva 


Stocks 

length 

mm 2*0-2, 5 

4,5-.5-0 

tu (original Stock) 

- 

m. 

tu Aa ( 2 nd chrom.) 

1 .. 

7%, 

tu Bg (original Slock) 



tu B 3 ( 2 nd chrom.) 



mel e 144 

- 



To the data shown on the table one may be added, there is fni’iher iricrasc 

in tumorous individuals during pupation, also in stockshaving an earlv start in the 
phenomenon. The stock where melankation is continued ttmsi uktt the 

larval stage is melanotic e 144 ; tu (original stock) shows also an inerVase, but in 

the devived stock_^ j^^-meUinization stops after the ciul of the larval 

stage. In tu Aa_the situation is entirely different : in both cases (original and deriv- 
ed stock) there is an increase in tumour incidence between old larvae and adttlts. 
In Freckled melanization is restricted to pupal stage. 

Environmental influences on tumour manifestation : 


Different external conditions exert an influence on tumour devriopinent. 

Nomishment conditions are important in some stocks, and of tio rrkv.uice in 
others. Tu Aj, tu B, and several other stocks give the same frc{|«en{;y Ujiiitnirs 
fed on the usual cornmeal— glucose— agar— yeast composition, while in one stock 
(Glass and Plaine, 1955) supplementation with tryptophane increases the luniour 
percentage very strongly (from 44% to 6 •2)4). Similar rcstihs h.ivc hern olnain. 
ed by Hartung (1955), who demonstrated a strong activity of indole.icrt ic .»cid not 
only in a tumorous stock (from 1-3% to 11-15%), but also in two nearly tiunonrie.ss 
stocks, where a concentration of 3 gr/lOO cc. of iiidoleacettc acid addeai to the 
food gave an incidence of 28-19% and of 51-92% re.spectivcly. Dbvutasly ihr.se 
melanotic formations were purely somatic and not transmitted. S«i»»i.nu;e.s of 
unknown nature produced from different species and varieties t»( veast.s arc 
also capable of increasing the tumour incidence (Mitther, 1951). Mo< e receiulv 
K»eh,.a (1956, 1957, 1960 « 5) brough. new i„re,mauon, ™ the VAme).!., 
involvmg tryptophane metabolism, the importance of metals and indole acetic 

Another condition proved to stimulate tumour production, i.t. vrowinv 

oSndTthree ‘i’L has to 

old food a, a I,, u 5 If T^- Paving that in the 

tood as a result of chemical and physical changes, or of an "iufeetjon’' brought 
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about by some factor released by tbe flies and accumulating m the food, there i; 
something favourable for producing melanotic tumours. 

Freckled is also strongly sensitive to temperature and, to a lesser extent, to 
food. Reared at 20® the manifestation is very weak, while at 25® it raises nearly 
100%. Supplementation with fresh yeast increases also the penetrance. 

Tn short, the inherited melanotic tumours are greatly influenced by the 
environment. 

Discussion : 

The general conclusion we may draw is that the production of melanotic 
tumours, the last event in a series of facts beginning with differentiation of the 
haemolymph cells, is more chaiacterized by production of intercellular substance 
than by cell multiplication. This peculiar form of growth (expressed in term of 
increase in number of melanotic masses more than in term of enlargement of the 
individual tumours) is strongly controlled by the genotype. This in some cases, is 
clearly multichromosomal, and thus multifactorial. This is proved by the selection 
experiments with melanotic e 144 (Halfer 1961), and by the comparison between 
two different genotypes of tu A^. 

The present data can be discussed in connection with two points. The first 
deals with the phenomenon itself of the melanotic tumours (pseiidotumours), the 
pccond with the general significance ol our findings, in comparison with other 
rshenomena. 

The description of the procedures through which melanotic masses are pro* 
duced proves that, in spite of the fact that the adult phenotype is often the same, 
we distinguish several variants. Each variant corresponds to a different genotype ; 
beside this the same phenotype can be produced by different genotypes. The num- 
ber of these is thus very high, also if we disregard the influence of the cytoplasm in 
their transmission (Barigozzi 1962, Barigozzi Halfer and Sgorbati, 1962). 

We can now compare the melanotic tumours of Drosophila with other forms 
of growth. 

The known mechanisms of growth are three : cell multiplication, cell size 
increase, and production of intercellular substances. 

The first case is typical of both the embryonic and the neoplastic growth. 
The second one case be exemplified by the foetal and the postnatal growth of 
the nei'vous cell. The third case, finally, is shown by the connective tissue, as 
occurs in tendons, or by abnormal formations, as in fibromas. It is obvious that 
the melanotic tumours of Drosophila considered in the present paper belong to 
the third type of growth. The difference is only due to the substances produced 
by cell metabolism and to the simpler stucture of the melanine mass, as compared 
with the collagcxr fibres. On the other hand, the large haemolymph cells, before 
producing melanine, show a peculiar behaviour (congregation and changes in 
form and function) a parallel of which can be hardly found outside the Insects. 

Summary : 

The author describes the part taken by the haemolymph cells in producing 
melanotic tumours in several stocks of Drosophila, showing that the development 
of the melanotic masses is mainly due to assembling of cells and to production of 
melanine by them, than to cell multiplication. 
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STUDIES ON THE EFFECTS OF FORMAMIDE ON AMPHIBIAN 

eggs and embryos 

By 

j. BR ACHET 

Labor atoire de Morphologie animale^ Faculte des Sciences, UniversUe Libre de 
Bruxelles, Brussels, Belgium 


Introduction : 

The fundamental work of Mazia (1955) has elucidated the chemical nature 
of the mitotic apparatus (spindle and asters) : the fibres are made of globular 
proteins which undergo linear polymerization by the 'formation of — S— S — lin- 
kages ; the diflPerent spindle fibres are held together by bonds split by strong urea, 
presumably hydrogen bonds. 

The importance of the — S — S— bonds for the integrity of the spindle and the 
asters has been demonstrated by treating the isolated mitotic appai\atus with 
reducing (/'-mercaptoethanol) and oxidizing (dithiodiglycol) agents (Mazia, 1955, 
1958 < 2 , /;). The effects of the same substances on morphogenesis, in a great 
variety of biological systems (amphibian and avian embryos, regenerating tadpoles, 
hydra and planarians, nucleate and anucleate fragments of the unicellular alga 
Acelabularia), have been extensively studied in this laboratory (Brachet, 1959): it was 
found that /.'-mcrcaptoethanol inhibits morphogenesis in all of the systems tested. 
This fact demonstrates the importance of the— SH^ — S — S — equilibrium for 
morphogenesis. We have also studied the effects of mercaptoethanol and dithiody- 
glycol on mitosis during cleavage in amphibian eggs (Limbosch-Rolin and Brachet, 
1961) and obtained results similar to those reported by Mazia (1958 a, b) on the 
mitotic apparatus isolated from sea urchin eggs : mercaptoethanol dissolves the 
mitotic apparatus, while dithiodiglycol makes it suffer, even in living morulac. 

During a recent visit to our laboratory, Prof. D. Mazia mentioned tlic fact 
that, according to work currently done in his laboratory, formamide is superior to 
urea as a hydrogen bond breaking agent, and that sea urchin eggs withstand high 
concentrations (up to 2 M) of this stibstance. It was agreed, at that time, that a 
study of the effects of formamide on amphibian eggs development would be tmder- 
taken in Brussels, The present communication describes the first results obtained 
in this study. 

Material and Methods ; 

The experiments have been performed on eggs of two different species : 
Flemadeles WalUii and Rana esculerda. The concentrations in formamide varied 
between 1 M and U^Ul M, the medium used being that of Niu and Twitty. Eggs 
were placed at various stages (usually, young morulae or early gastrulae) in forma- 
mide and fixed in Zenker acetic at various time intervals. Alternate sections 
were stained with Unna (methyl green— pyronine) and with the Feulgen reaction. 

Only the Pleurodeles series has so far been studied cytologically : conclusions 
must therefore, for the time being, be restricted to this single species. 
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iSxperimetal results : 

I. Observations on the living. The results obtaiued \ve4'e thr satiie 

in 3 experiments on Pleurodeles ^md 2 experiments on is mi kniu. ihic single 

description of the results obtained in these 5 experiments will tints lie! siiflicieni : 

(a) 1 M fomamide immediately stops cleavage and gastrnlatiort witliont 
killing the cells before 1 or 2 days. Report in iiornial iiiedinni ol 
embryos treated with 1 M fonnamide for 15-211 liotirs fiorsidt allow 
further development: under these conditions, the lias 

become irreversible. Very conspicuous is the f.icl llial, in both 
morulae and gastrulac, the cells are completely tlissociaietl from 
each other: concentrated formarnide oliviovisly elissolves tlie coat 
which links together the cells. The itn|>ortance of ilris coat for iiior. 
phogenesis is now well cstaldishcd (Holtfreier* l!mi ; Chin is, loiifrg 

(i) 0-3 M fortnamide allows cleavage or gastrulalioii t«i jiroia-ni foi- .i 
hours: morulae are blocked as late bhisiuiae ; Ida&fidae fonii a 
dorsal Up, which quickly regresses. Ihe rUcci of 11*3 M fonnaitiiiic 

becomes irreversible after a 24 hours trcatincni. 

(c) 0^15 M and O'J M Jormamide^sohitiom have the same etlVcis. De.rltijo 
ment is first normal during a coupk; of days. Ai ihai tiirie. ilic 
treated embryos begin to lag behind the con irols. Alif i /Ml da\s, 
the embryos arc still alive, but almormal in several rr'!jan;!> : ibr 
gills and the tail^are short i although the heart is beatiiiig no Idood 
circulation is visible in the gills. The sixe of tie eyes is red need and 
the pigmentation of the eyes and body is rediic;e>d ami paichw 
Motihty IS greatly reduced. After KKI 2 days of com unions tieal* 
ment m 0-1-0-I5 M lorinatnule, cytolysis or ilu- }»i!h .iiui thr t.ul 
begin to show up. 


A lew Pleurodeles gastrulac were cultivated for II ciavs in Hi M forimi. 
mide, then transferred back to nonnal medium for two ilays : iliry 

developed oedema, although their heart was beiiinjg mort; stioiiKiy 

iiJ 04 M forSSmf^^^^^ t-ont.iH»o»sly ^for J«i days) 

(d) In 0-01 M fomamide, development was always normal. 

2. Cyiological and cyiochemical obsmations (Pkuroiiks) 

rrii* 7° ■' “Kir,, 'r-' » 

pl.c.d by a findyml^uht ma 7 I 

for pyronine. TL^Xoma7!s ™ "> “""“'y 

eliminated in the cytoplasm ‘ it stilt aiid may be 

and deep bl«. with Un„7(f e ) f, ,!*i ‘''"’'k"’ 

formarnide kads cve^Fn Til 1 f Wucentr.ueti 

integrity of the spindle and asters. ' loss ol the structural 

Wheii jonng gastrulac treated with 1 M fonnariihk i o i 
the dissociation of the cells tm i or i daysi 

ing. The nuclei are condenstTaFi^i' of curtt, is strik- 

after Unna staining TKa can iiolciiiifer lie seen 

nna staining. The chromatin stains normally wi,}, Feulge,, “ 
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but methyl green— pyronine staining clearly shows the existence 
of a gradient in the penetration of formainide : the nuclei still take 
up normally the stains in the cntoblast (green chromatin), but they 
stain violet in the outer layers of cells. This violet staining is 
probably the sign of a denaturaiion of the DNA molecules, as a 
result of hydrogen bonds rupture, since Thomas and Durand (1953) 
have shown that denatured DNA no longer combines with methyl 
green, but has great affinity for pyronine. 



rigurc 1. Morula of Pleuroddes treated tlurinj; 12 hours with I M fonuamicU; ; complete 
degeneration of du; mitotic apparatus and of litc chromosomes (pycnosis) Uuna 
staining. 


{b) O'l M fomamide, Gastrulac which have been cultivated in the pre- 
sence of OT M formamide during 1 or 2 days develop into normal 
neurulac ; however, a reduction of the size of the nucleoli and the 
presence of pyimnine — staining (reddish) nuclei in the dorsal ecto- 
derm, above the spinal cord, are noticeable. 

Much more important alterations arc observed when gastrulae are 
treated for 6-10 days with OT M formamide : there is a strong overall 
decrease in pyronine staining, botli in the nucleoli anddn the cyto- 
plasm, suggesting an inhibition of RNA synthesis. Many nuclei 
become pycnotic, especially in the nervous system, the eyes and the 
lenses : this wave of pycnoscs explains the reduction m size of tbe 
eyes and lenses which could be observed in vivo. Simultaneously 
mitotic activit) comes to a standstill. Especially striking are the 
cells of the gill epidermis : their cytoplasm becomes filled with 
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Feulgen positive granules, which stain red with methyl green 
pyronine(fig. 2). The possible meaning of these DNA containing 
cytoplasmic spherules will be discussed later. A long treatment 
with 0*1 M formamide also results in a considerable inhibition of 
yolk utilization : the muscles, for instance, arc filled with yolk plate- 
lets and lack myofibrils, a fact which explains tlm very poor con- 
tractility of the treated tadpoles (fig. 3). The endoderm doesn’t 
differentiate and contains large aggregates of yolk platelets which 
have fused together. This inhibition of yolk utilization is probably 
responsible for the complete absence of red blood cells: in fact, no 
blood forming cells differentiate in the ventral mesoderm, which 
remains filled with yolk platelets. Finally, it should be mentioned 
that the chorda has always been found normal : we had expected to 
find abnormalities similar to those described by Fautrez (1951), who 
studied the effects of urea on frog eggs and found a *H;hordaliza- 
tion” of the neighbouring organs (nervous system, somites, dorsal 
part of the endoderm). Future work will show whether this 
difference between the results of I'autrez (1951) and ours is due to 
the use of different amphibian species as a test material, or to 
different actions of urea and formamide. 



Figure 2* 


^ung gastrula of PUurodeles treated during 8 days with 0’ 
of numerous feulgen positive granules in the cytoplasm 
reduced grills. ^ ^ 


1 rwmamkle. 
of the cells in the much 


ally, gas trulae which have been treated during 8 days in 0*1 
M lormamide and then replaced for two days in normal medium 
aetinitely differ from those which have remained for 10 days in O’l 
M torraamide : despite a large oedema, they look more norma) : 
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there are few pycnoses, the resorption of the yolk has made consi- 
derable progress and the differentiation of the muscles and the 
gut IS much better. A few red blood cells can be found in the 
circulatory apparatus. Therefore, even after a 8 day treatment with 
OT M formamide, marked reversibility can be obtained after 
transfer in normal medium. 



Figure 3. Same as for figure 2, but Uima staining : poor diflfereniiatlon of the muscle cells 
which remain filled with yolk platelets. ’ 

Conclusions and Summary : 

1. Amphibian eggs withstand hiijh concentrations of formamide, a hydrogen 
bond-breaking agent. In this respect, formamide and the thiol reagents previously 
studied in our laboratory (mercaptoethanol, dithiodiglycol) differ considerably. 
For instance, the impressive effects exercised by mercaptoethanol on neural plate 
closure (Brachet, 1959) are never obtained with formamide. Reduction of — S — S — 
group by mercaptoethanol and rupture of hydrogen bonds by formamide have 
entiiely different ejffects, so far as morphogenesis is concerned. 

2. Concentrated (1 M) formamide stops mitosis in cleaving eggs, by 
bringing out a complete destruction of the astral and spindle fibres. At gastnila- 
tion, it also inhibits mitosis and modifies the staining properties of DNA with 
methyl green-pyronine ; the nuclei of the treated embryos stain red or violet, a 
fact which suggests that DNA has undergone a certain amount of denaturation. 
Formamide also exerts a powerful effect on the coat which links the cells 
together : this coat undergoes disruption and the cells dissociate from each other. 

3. At lower concentrations (0-1 M), formamide inhibits both DNA (arrest of 
the mitotic activity) and RNA (reduced nucleolar and cytoplasmic basophilia) 
synthesis. It also strongly inhibits yolk utilization, especially in the muscles and 
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the gut. Of special interest perhaps IS the occurrence, in the ectodermal cells ot 
embryos which have been treated for 8-10 days with 0-1 M formamide of cvtn 
plasmicFeulgen positive inclusions. These inclusions recall the DNA—cont-iT 
ning granules observed by Chhvrement (1960) in the cytoplasm of tissue culturr 
cells treated with acid deoxyribonuclease. Further experiments, especially aum 
radiography studies of the incorporation of labeled thymidine, are reouired 
before we can safely conclude that we are dealing with a case of cvtoolasmlr 
DNA synthesis. If so (and this is a very likely interpretation of the pre.sent resuhs) 
a satisfactory explanation of Ghhvremont’s (I960) puzzling observations could be 
given : in cells treated with agents which produce a partial denaturation of DNA 
(such as deoxyribonuclease, formamide, etc,. ), single-strandcd DNA mieht be 
eliminated in the cytoplasm and serve as a primer for DNA polymerase The 
result of such a process would be the synthesis of cytoplasmic DNA. In fact 

j experiments by Fresco t i j 

(D62) who found that the uptake of primer DNA by pinocytosi.s i followed wkh 
cytoplasmic DNA synthesis in amoebae. E.xperiments designed to tat tle hypo 
thesis are in progress in our laboratory. ^ 
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aspects of the developmental GENETiCS OF THE LEGS OF 

DROSOPHILA! 

Bji 

CURT STERN and ARDHENDU S. MUKHERJEE 

Department of University of California^ Berkeley ^ California^ U. S. A, 

The different pairs of legs of the fly Drosophila melanogaster are characterized 
by specific patterns of bristles. Different genotypes are known which affect these 
patterns in various ways. The analysis of the effects of these genotypes offers a 
means of studying alternative modes of differentiation. 



Figure 


\a. Normal female (from Tokuna^Si, 
uripublished). 


Figure \b. Normal male (with sex 
comb ; from Tokunaga 1961). 


Ventral view of the basitarsal segment of normal 
male and female in Drosophila melanogaster. 


One natural alternative of such different ation is the difference between the 
bristle patterns on the first tarsal segment, the basitarsus, of the foreleg in the two 
sexes. In females the ventral side of this segment presents approximately eight 
transverse rows of bristles (rnacrochaetae) which point toward the distal regions of 
the leg (Figure la). In males, only approximately six transverse rows are found 
but a special structure, the sex comb, is present which is absent on the female basi- 
tarsus (Figure 16). The sex comb is a longitudinal row of unusally heavy bristles, 
'arranged, like the teeth in a comb. They point more or less across the width of the 
basitarsus, t.e.-in a direction quite different from the rnacrochaetae. 


*^Supporled by sjiant 0-15460 from the National Science Foundation. 
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the Question arises : how do the two genotypes, lX = male vs. 2X = female, 
control these two different types of differentiation ? A complete answer to this 
Question would, of ( ourse, involve a full knowledge of all bmchemical properties 
hi which male and female cells differ and an analysis of those differences which 
are relevant to the different patterns of the basitarsi. . Such an analysis would take 
account of the fact that male constitution of cells by itself does not lead to the 
differentiation of teeth and sex combs. After all, most cells of a male do not form 
sex comb teeth even if they are part of the epidermis. Only those few cells pre- 
sent in a very limited area of the first basitarsus actually do form the sex comb. 
The original problem can thus be expressed in a different way. In what fashion 
does the region which differentiates the sex comb in the male vary from the same 
region which in the females fails to form this organ ? 


Two main possibilities were envisaged which would form the basis of an 
answer to this question. On the one hand, it was possible that a male and a 
female genotype result in such differences in the organization of the developing 
imaginal disk of the foreleg that the special properties which must precede the 
later differentiation, in a specific region, of the sex comb are existent in the male 
only. On the other hand, it was possible that male and female imaginal disks 
alike possess a unique region related to sex comb formation but that only male 
cells are able to respond to the stimulus represented by the region. These two 
possibilities are familiar from experimental embryology. The amphibian orga- 
nizer, for instance, represents a specific, unique region in the early embryo, 
inducing among other differentiations the formation of the neural tissue This 
induction, however, is dependent on the presence of cells competent to react to 
the stimulus of the organizer. In these terms, the two possibilities defined in 
regard to the sex comb can once more be restated as follows : do the specific 
regions on male and female basitarsi differ in having or not having an inducing 
property, or are they alike in this property but unlike in their competence to react 
to it ? 


In Drosophila the experimental approach to this problem consisted in the 
study of basitarsi in which cells of male and female genotypes coexist in gynan- 
dromorphic patterns. Such sex mosaics can be obtained from eggs which after 
fertilization possess two X chromosomes but in which one of these, of ring shape, 
has a tendency to get lost in the cytoplasm during mitotic divisions. The 
resulting embryo has both 2X and IX cells, mixed in variable fashion from one 
individual to another as made apparent by the use of sex-linked genes serving as 
markers. Some of the gynandric basitarsi were predominantly male with a small 
area of female tissue occupying part of the region of the sex comb (Figure 2). 
Others were predominantly female with a small area ol male tissue covering part 
of the corresponding region (Figure 3). If the male disk, in contrast to the female, 
were unique in providing the sex comb forming stimulus the predominantly male 
basitarsi should have formed sex comb teeth from either IX or 2X cells ; and if 
the female disk did not provide the stimulus neither 2X nor IX cells should have 
formed teeth. In contrast, if all basitarsal disks would furnish the stimulus to 
tooth formation but with competence to “respond restricted to IX cells, then 
predominantly male tarsi should fail to form teeth where the 2X tissue intruded 
into the potential sex comb region ; and predominantly female tarsi should form 
teeth, or a tooth, where IX tissue vvas present in that region. The experiment 
gave a clear decision. Male and female basitarsal disks both provide the 
stimulus but only male tissue can respond to it (Stern and Hannah 1950). 
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Figure 2, Mosaic basitarsal se^ooent with Figure 3. Mosaic basitarsal segment with 

predominantly male tissue. Female predominantly female tissue. Sex comb 

tissue resulting in female bristle within consisting of one tooth (in abnormal 

the gap between 1 tooth and 8 teeth position ; from Stern and Hannah 

respectively (from Stern and Hannah 1950). ’ 

1950). 

The nature of the. stimulus is unknown. It should perhaps not be called 
an ‘‘organizer for sex comb differentiation^*. Such a designation might imply 
that there is a direct relation between the properties of the special area and the 
formation of the comb. To be neutral, we prefer the term “prepatlern” which 
implies no more than some kind of differentness which, singles out one region of 
the leg from others, perhaps a rather trivial biochemical difference or a physical 
one involving a fold in the imaginal disk or some other singularity. 

The ever-present genotypic difference of the two sexes is only one of the 
tools for this study of developmental genetics. Mutant genes are known which 
offer other approaches. One of these is the recessive gene engrailed {en) which 
among other effects causes the appearance of a secondary sex comb on the first 
basitarsusj located like a mirror image in relation to the primary comb (Figure 4). 
Once again the question is raised whether the presence of homozygous enjen 
changes the configuration of the leg disk in such a fashion as to create a new 
prepattern at the site of the secondary sex comb or whether all basitarsi possess 
this prepattern whose presence is only revealed' enjen endows the cells with 

the competence to respond to it. Using a technique for inducing somatic 
crossing over it is possible to produce homozygous ehlen spots on heterozygous 
inl+ males (Figure 5). These spots, when located in the area of the potential 
secondary comb, form teeth as if the whole fly were an enjea male (Tokunaga 1961). 
Clearly, unrecognized until the finding of the mutant en, every male has a pre- 
pattern for the secondary sex comb but only en cells are competent to respond 
to its existence. Moreover, the same prepattern exists in female forelegs as 
shown by the appearance of secondary teeth produced by small male patches in 
gynanders of enjen genotype (Stern 1954). 

At this point, a discovery must be reported which throws light on some 
properties of the prepattern for the primary sex comb (Tokunaga 1962). Studies 
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on the cell lineage of mosaic basitarsi have shown that the sex comb arises as 
a distal transverse row which in the course of development shifts toward a longi- 
tudinal position to occupy the position of the differentiated comb. This shift 
makes understandable the direction of the teeth. Apparently their direction as 
vertical to the initial transverse row is determined before the rotation of this row 
so that after rotation the direction of the teeth themselves differs greatly from that 
of the macrochaetae of the normal transverse rows. 



r igure 4. Distal part of basitarsal segment 
of homozygous en male foreleg (from 
Tokunaga 1961). 


- -o 


uasuarsal 

sfgmem with enlen spot in enl + le*, 
(horn Tokunaga 1961). Stippled area 
represents the primary sex comb, the 
single tooth on the right is a secondary 
sex comb tooth. ^ 

Gynanders in which only a very small part of the relevant basitarsal ree-inn 
IS male show that differentiation of teeth and rotation are independent procef.ef 
Small male areas do not rotate yet differentiate typical teeth. The same ron' 
vlusion can be drawn from the study of the effect of the sex-linked mutani 
^xcombless (sx). As the name indicates, sx males do not have a sex comkf 
Nevertheless, some of them have one to several teeth, more or less scattered 
the distal region of the basitarsus and often directed parallel to the rnacrorhn'^t^'^ 

petence of cells to respond to the prepattern . As a result, no rotation nf™' 
transverse row takes place although some shifting of direction of limited n 
areas may occur (Figure 6). The reduction of competencet riso borne nnt'f 

sexcombless may differentiate in various decrees / 

upon „ac a„o,h„ *a. .hay a« bi, WolSfrdaS“ZpTaK>'a Wm" 
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Their origin seems to be correlated with the fact that the second tarsal segments 
of ey'D flies are ‘'shortened to give lumps” (Bridges and Brehme 1944). This 
abnormal morphology is found in both sexes and is caused by a frequent inability 
of the leg disk to form separate proximal tarsal segments. In many flies the 
first and second segments are a more or less continuous structure with several 
incomplete sockets, only one of which is present normally and, if fully formed 
articulates the basitarsus with the next segment. The lack of separation of the 
two segments results, in females of in the formation of one or more additional 
transverse rows as compared to normal females. In the male these extra rows 
are all rotated and thus form multiple sex combs. This then seems an example 
where a mutant genotype, quantitatively changes, by way of incomplete 
tarsal segmentation, the prepattern of the sex comb area. It enlarges the pre- 
pattern so as to involve several transverse rows all of which, if male, respond by 
rotation and tooth formation. 



ligure, C. Tasiiarsal segmeut of sx male 
foreleg with one t^pical tooth. Note 
the dark intermediate brist’e-like tooth 
adjacent to the typical tooth (stippled). 



Figure 7. Basi tarsal segment of gj Dai ale 
foreleg. Arrow indicates proximal part 
of the second tarsus incoaipletely 
separv ted from the basitarsus. 


Our experiments include the production of various combined genotypesj 
such as sexcombless eyeless-dominant, sexcombless engrailed and others. In the 
former combinations sx is epistatic to as far as the formation ol teeth is 
concerned, there being on the average only one more tooth than in sx. The 
shape and faulty segmentation of the legs is not affected by jx. This is in agree- 
ment with the hypothesis that sx reduces the competence of cells to respond to 
the prepattern. 


The combination sx en shows an unexpected interaction effect. Usually 
the whole tarsus consists of only a single or of two sections as if all or most tarsal 
segments had been fused. The number of transverse rows in the proximal region^ 
corresponding to the basitarsus, is within the normal range but their width is 
greatly increased. ^ Indeed, most rows are made up of two parts separated by 
^ oiie part being like that typically located between the longitudinal rows 
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l and 7, and the other consisting of a new series of transverse rows lying inter- 
calated between longitudinal row 1 and tht typical transverse rows (Figure 8). 
These facts fall in line with the appearance^ of the secondary sex comb with its 
mirror image location in respect with the primary comb. In sx en flies there are 
formed not only secondary sex comb teeth but also a whole series of secondary 
transverse rows. The formation of these secondary rows is correlated with the 
increased width and a shortening of the tarsus. The sx en genotype changes the 
prepattern for transverse row formation. 



Figure 8. Schematic representation of the bristle pattern on' the first tarsus of a fx ; enjen male 
foreleg. Heavy circles = primary sex comb teeth; light circles = normal bristles ; 
solid circles = secondary sex comb teeth ; dotted circles = secondary series of transverse 
row bristles ; hatched circles intermediate dark macrochaeta. The trian nilar 
symbols next to most chaetae are the ‘ bracts’*. ^ 

1* 2, 3, 4, “i, 6, 7 = numbers assigned to lonaitudioal bristle rows; ty^ = primary 

transverse rows (on the ventral side of the tarsus) ; tc = secondary transverse rows; 
Gr central bristles. 

The basitarsal cylinder is represented in one plane, as if it had been cut between rows 
3 and 4 and laid out flat. 


leff Th^ genotypes hereto discussed affect sex comb differentiation in the first 
, fiercare others which cause the appearance of sex combs on the second and 
normally do not carry sex combs. As shown by Hannah-Alav? 
rnitfji f combs, on other than the first legs, are homoeotic 

varying ways they tend to transform the middle and hind legs into 
^ ^ structures (Figures 9 and 10). These findings suggested that extra sex 
L ^ development and that the 

combs was not due to the invariant existence of comb 
creation of such prepatterns in the hoinoeotic 
however, seem to be more complex. Unpublished data of Dr. G. 
lp£r« mosaics demonstrate the differentiation of teeth on second and third 

cnfly of homoeotic transformation of these appendages, A full 
understanding of these phenomena will have to await still further study. 

survey of work on a small area of the legs of Drosophila has been 
as an illustration of how a combination of genetic and developmental 
s may serve to ^ffuminate the problems of genic control of differcutiation. 
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In the most recent terminology originally designed for pfocesses of control ot 
gene action in microorganisms, it may be suggested that in a developing organism 
regional singularities, prepatterns, arise which serve to control the genes concerned 
with differentiation. A given gene is inactive or nearly so in many parts of the 
developing system but is stimulated to activity in special sites. And different 
alleles of a gene either endow it with the capacity to respond to the call for action 
or not to respond. Either one of these alternatives determines the fate of the 
developing part and indirectly affects others. 



Figure 9. An intermediate ca<5e of a tiaiiS- 
formed basitarsal segment of the second 
leg with four typical teeth. The newly 
induced or transformed bristles of the 
transverse rows are in solid black ; the 
bristles characteristic of the second 
leg are in outline (from Hannah-Ala^a 
1958). 


Figure 10. An extreme case of a trans- 
formed basitarsal segment of the third 
leg with twelve teeth. The newly induc^ 
ed or transformed bristles of the trans- 
verse rows are in solid black ; the bristles 
characteristic of the third leg are in 
outline (from Hannah- Alava 1958). 


Summary : 

The differentiation of bristles follows specific patterns in different pairs 
of legs of the fruitfly Drosophila melanogaster. The differentiation of the ‘"sex 
comb” in the forelegs is an example of such specific pattern. The first tarsal 
segment (basitarsus) in the male differentiates a sex comb in a limited distal 
area ; in the female it does not develop any sex comb. It has been possible to 
establish, by means of mosaic spots and gynanders, that the male and female 
basitarsi both provide the stimulus for the formation of the sex comb but that 
only the male tissue can respond to this stimulus. 

The localized stimulating area is a ‘‘prepattern”, a term which implies some 
kind of differentness which singles out one region of the leg from others. By 
means of various mutant genes different patterns can be studied. Using such 
mutant genes as engrailed (en), sexcombless {sx), eyeless-dominant (ey^) and extra- 
sexcomb (esc), it has been possible to study the patterns of two different sex combs 
in the basitarsal segment of Drosophila melanogaster, the primary and secondary 
sex combs respectively. Some mutant genes act at the level of the prepattern, 
others at the level of the competence of cells to respond to the prepattern. For 
instance, the gene eyeless-dominant quantitatively changes the prepattern by way 
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ot incomplete segmentation of t!ie tarsus, while sexconlbless reduces the coni* 
petcnce of cells to respond to the prepatterns for the formation of the primary 
Jnd secondary sex combs. From all these facts it may be suggested that in a 
developing organism regional singularities arise which serve to control the genes 
concerned with differentiation. Activation of the specific gene at a specific place 
and its Inactivation at many others is dependent upon such regional singularities 
the prepatterns. 

References : 

Bridges, G. B. and.Brhme, K. S. The mutants of Dfosophila melanogaster, 
Carnegie Inst, of Wash. PubL 552 : 1944. 

Hannah-Alava, A. Developmental genetics of the posterior legs in Drosophila 
melanogaster. Genetics^ 43 : 878-905, 1958. 

and Stern, C. The sex combs in males and intersexes of Drosophila 

nielanogasier. J. Exp. Z^oL, 134 : 534-556, 1957. 

Patterson, J. T. and Muller, H.J. Are ‘‘progressive” mutations produced 
by X-rays ? Genetics^ 15 : 495-578, 1930. 

Stern, G. Genes and developmental patterns. Caryologia, SiippL, 6 : 355-369 
1954. 

and Hannah, A. M. The sex combs in gynanders of Drosophila 

melanogaster. Fort. Acta, Biol.^ 2 : 798-812, 1950. 

Tokunaga, G. The differentiation of a secondary sex comb under the 
influence of the gene engrailed in Drosophila melanogaster. Genetics 46 • 
157-176, 1961. ^ ' 

Cell lineage and dilFerentiation on the male foreleg ol Drosophila 

melanogaster. Develop, Biol, i : 489 - 516 , 1962 . ^ 


[ 26 ] 



REGIONAL ORGANIZATION IN THE AMPHIBIAN LIMB 
REGENERATE— A NEW HYPOTHESIS 
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Abstract : 

Experiments are described involving carbon marking and transplantation to 
a neutral (non-limb-forming) site, of Axolotl fore limb regeneration blastemas and 
regenerates, or parts of regenerates. On the basis of the results a hypothesis is 
presented to explain the origin of the proximo-distal pattern of organization in 
the regenerating limb. According to this hypothesis the dedifferentiated cells of 
the early blastema possess, as an intrinsic property, tendencies for differentiation 
into distal limb structures. The distal part of the regenerate (roughly the hand 
and wrist) would develop autonomously according to these intrinsic tendencies 
whereas the lower and upper arm regions would arise under the influence of the 
stump. The importance is stressed of the intrinsic morphogenetic capacities of 
njorphologically undifferentiated cells as primary factors in the establishment of 
structural patterns during morphogenesis. 

If an amphibian limb is amputated through the region of the stylopodium 
a. blastema forms on the amputation surface, by accumulation under the wound 
epidermis of mesenchymal cells. These cells originate from tissues of the limb 
stump through a process of dedifferentiation. Soon the blastema starts grow- 
ing, and after a while the three main limb regions, stylopodium (upper limb) 
zeugopodium (lower limb), and autopodium (hand or foot), differentiate in a 
roughly proximo-distal order. The fact that the proximal structures differentiate 
first has led older authors to believe that the establishment of the typical 
proximo-distal limb pattern in the regenerate would be due to a chain of 
interactions in which each region would determine the differentiation of the 
region distal to it. This chain would start from the differentiated tissues of 
.he stump and proceed distalwards. On the basis of their experiments other 
authors {e.g. Weiss) developed the idea that the differentiation of the regenerate 
is governed by a morphogenetic field. This field was envisaged as being Vn 
extension of the “limb field” present in the stump. This limb field in its turn 
would be a remnant of the embryonic “individuation field” of the limb. 
Common to both these concepts is the idea that the blastema is at first a passive' 
morphogenetically neutral mass of cells, upon which a pattern is sraduallv 
imposed by the stump. 

Mettetal (1939), in an unfortunately rather neglected publication, was the 
first to direct attention towards the active role played by the blastema in the 
establishment of the limb pattern. He found that early limb blastemas, when cut 
from the stump and transplanted to an environment neutral with regard to limb- 
forming potencies, surprisingly gave rise to digits only, not, as one might have 
expected, to proximal limb structures. 

For a re-evaluation of Mettetal’s results it was necessary to find out first 
which is the later fate of the mesenchyme of such early blastemas.* To this end 

*In this paper we will only speak about the mesenchyme of the blastema, and disregard the 
unspedS process of proximo-distal regional organisation is probably largely 
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a mark of carbon particles was inserted with a fine steel needle into the mesen- 
chyme at the tip of an early conical blastema of the Axolotl fore limb. During 
the early growth of the regenerate the mark does not stay at the tip, but new 
tissue appears distal to it. In the differentiated regenerate the mark is always 
found to lie somewhere in the zeugopodium, usually near the elbow. It follows 
that the blastema grows mainly by proliferation at the tip. The material for the 
entire autopodium and part of the zeugopodium is laid down by an apical prol- 
iferation cevtu. The prospective fate of the bulk of the mesenchyme at the early 
cone stage is to form the most proximal limb parts. It is the more surprising that 
upon transplantation this material should form digits only, as Mettetal found. 

Still, this finding could be corroborated in our experiments. Blastemas of 
different stages were auto-transplanted to the back, i.e. to a region where no limb- 
forming potencies are normally found. Four stages were used : (I) a small conical 
blastema, (II) a larger conical blastema, (III) an early paddle-shaped blastema, 
and (IV) a late paddle stage with an indication of the first digit. In stage IV 
the rudiments of the humerus, the radius and ulna, and the first digit are 
already laid down. Stage I yields only one or two digits ; in transplants of stage 
II carpal elements appear in addition to the digits. Stage III gives rise to 
several cases with a zeugopodium, while stage IV finally sometimes forms a small 
but qualitatively complete limb. At the same time the average number of digits 
and of skeletal elements formed rises with advancing stage of transplantation. 
It is significant that in most transplants, regardless of the stage, more distal 
structures (digits, phalanges) predominate numerically over more proximal ones. 
It seems that in general the amount of mesenchyme available is preferentially 
used for the formation of distal structures, and that more proximal ones have a 
chance of appearing only if the amount of material available is sufficient. This, 
by the way, does not say anything about the subsequent order of differentiation. 
The phase of differentiation is preceded by a phase of determination. During 
the early determination of the limb pattern in the undifferentiated mesenchyme 
tendencies to form distal structures seem to take the lead (not, as one might 
perhaps expect, tendencies to form proximal structures). 


Our conclusion from these results has been that the mesenchyme of the early 
cone-shaped blastema possesses intrinsic tendencies for differentiation in a distal 
direction, notwithstanding the fact that this material is normally destined to form 
proximal limb structures. This conclusion is corroborated by the following 
experiment. A blastema of the late paddle-shaped stage (stage IV) is divided 
into a distal and a proximal half of about equal volume, and these halves are 
transplanted side by side. The distal half, as might be expected, yields only digits 
and carpal elements. The proximal half, which contains the rudiments of the 
humerus and of the radius and ulna, nevertheless also gives rise exclusively to 
digits and carpal elements. The only way to account for this surprising result is 
to assume that under the influence of the distal wound surface the rudiments 
already laid down in the proximal half dedifferentiate, and the entire transplant 
reverts to an early blastematous state. In the process of dedifferentiation the 
cells apparently again acquire tendencies for distal differentiation. The further 
development is then characterized by the establishment of a new apical prolifera- 
tion centre, leading to growth of the transplant followed by digit formation. 

^ conclusion thus was that limb cells which undergo a process of 

dediherentiatiOD, thereby automatically acquire intrinsic tendencies for distal 
diherentiation. It will be clear that this applies also to the cells of the early 
cone s ape lastema, which have arisen by dedifferentiation from stump tissues. 
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The question now remains why the mesenchyme of the early blastema, m 
spite of its intrinsic tendencies for distal differentiation, normally forms proximal 
limb structures instead. Now it should be remembered that this material stays 
in contact with stump tissues daring the later phases of normal regeneration. 
Apparently it is the influence of the stump which gradually changes the distal 
differentiation tendencies of the material into tendencies for proximal differentia- 
tion. At the same time more material with intrinsic distal differentiation tendencies 
is added at the tip of the blastema by the apical proliferation centre. It is 
assumed that the stump influence extends into the blastema with decrement. The 
stump influence would thus constitute a stump field with limited extension. Conse- 
quently the tip of the growing blastema would gradually ‘‘escape” from the 
influence of the stump. Ultimately the entire distal part of the regenerate 
(roughly the entire autopodium, i.e.^ carpus and digits) would develop autono- 
mously. The establishment of its structural pattern would be governed by 
an apical orgonizaiion centre, which may be conceived as being identical with the 
apical proliferation centre. The entire concept may be summarized in the 
following diagram* 


stump 

field 



regenerate 


stump 


S rs st/lopodium of stump 

m diff. tend, for digits ^ carpus ^zougopodium , sfytopodlurr 


This concept may explain several results previously obtained by other 
investigators. First of all there are the results obtained by letting regeneration 
proceed from a longitudinally halved stump (Weiss, 1926), or from a double 
stump obtained by grafting two limbs together longitudinally Goss, 1956). 
In a number of cases such stumps give rise to single, whole autopodia, while the 
more proximal structures of the regenerate are either defective (on a half stump) 
or partially double (on a double stump). If, as we suggest, the apical organization 
centre arises and acts independent of the stump, in either case one such centre 
would be formed, which would condition the formation of a single, whole autopo- 
dium, and there is no reason why a half or a double autopodium should arise. 
On the other hand, the more proximal limb structures would be under continuous, 
direct influence of the experimentally altered stump, and consequently would be 
either defective or double. 

In consequence of this view the morphological regulation which is observed 
at the level of the autopodium would not be the result of “regulative properties” 
of a hypothetical limb field, but ‘ simply the consequence of the morphogenetic 
independence of the autopodium. 

Next we may mention the results obtained with limbs transplanted with the 
proximo-distal *axis reversed (^.^. Dent, 1954). If such a limb is subsequently 
amputated through the stylopodium, the regenerate which arises on the wound 
surface (which is directed proximaUy with regard to the original orientation of 


r 29 ] 



the limb) will in general contain all structures which are distal (not proximal) 
with refi^rence to the level of amputation, in other words stylopodium, zeugopo- 
diiim, aiid autopodium, notwithstanding the fact that all these structures are 
already present in the stump. In the light of our hypothesis this result is not 
so difficult to understand as it seems at first sight, since the presence of an 
amputation surface, whatever its orientation, will always lead to the formation of 
a blastema by accumulation of dedifferentiated cells, which will automatically 
acquire tendencies for differentiation in a. distal direction. The additional infor- 
mation to be derived from this type of experiment is that what we have called 
the stump field is clearly not an extension of a hypothetical limb field still present 
in the stump. The character of the stump influence appears to be determined 
exclusively, by the level of amputation, or in other words, by the regional quality 
of the differentiated tissues present in the amputation plane. 

There are indications that the same hypothesis may perhaps be applied to 
the regenerating urodele If, for instance, a tail which lacks the dorsal finis 
amputated, it is often seen that the resulting regenerate is proximally without a 
dorsal fin, but that its most distal tip possesses a short stretch of normally shaped 
fin, which starts rather abruptly at a certain distance from the level of amputation 
(cf. Newth, 1958). This may mean that the tip is morphogenetically indepen- 
dent of the stump, and consequently able to “regulate^’, in contrast to the basal 
part of the regenerate. This problem is currently under investigation in our 
Laboratory. ^ 

The main theoretical significance of the hypothesis lies in the fact that it once 
more emphasizes that explanations of pattern formation during morphogenesis will 
always have to take account of two types of morphogenetic factors : (1) factors 

extrinsic to the undifferentiated cellular material in which the pattern arises 
(commonly called inductive factors), and (2) the primary, intrinsic properties of 
the material in question, which is not necessarily morphogeneticaly neutral or 
“nullipotent’\ Patterns probably never arise as the result of either of these two 
types of factors alone, but always seem to be the outcome of their combined and 
complementary action. 

An illustration of the primary importance of the intrinsic properties of the 
blastemal mesenchyme is provided by the experiment reported above^ where a 
transplanted proximal half of a paddle- shaped regenerate reorganized itself autono- 
xnously into a distal limb segment, consisting of digits and carpal elements. A 

still more striking illustration is provided by the following experiment. From a 
similar paddle-stage regenerate the distal third (the digital plate or hand plate) 
is cut off, and the proximal part is transplanted upside down into a pocket made 
in the muscles of the back. The skin of the back is allowed to heal over the 
exposed proximal cut surface of the transplant. In the following days the skeletal 
rudiments already present in the regenerate undergo dedifferentiationj and the 
entire transplant reverts to an early blastematous condition (the epidermis of the. 
transplant degenerates). In this unorganized mass of mesenchymal cells apparently 

a new apical proliferation centre originates at the originally proximal, now out- 
wardly directed side of the transplant, and this leads to the formation of a small 
outgrowth consisting of limb mesenchyme covered by body epidermis. Ultimately 
most of these outgrowths develop into one or two digits, sometimes accompanied 
y a tew carpal elements. Thus, a (defective) autopodium with reversed orienta- 
tion has arisen out of a small amorphous mass of limb mesenchyme by a com- 
pletely autono^us process of reorganization. During this process again the 
tendencies for differentiation in a distal direction take the lead, although the 
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mesenchyme transplanted, if left in situ on the stump, would have formed proximal 
limb parts.* 

These findings surely demonstrate that it is difficult to over-estimate the 
importance of the inherent capacities of organization and differentiation of mor- 
phologically undifferentiated cells. The question whether these cells are truly 
undifferentiated in a physiological (biochemical) sense is a difficult problem, which 
will not be discussed further at this place. 
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the limb) will in general contain all structures which are distal (not proximal) 
with reference to the level of amputation, in other words stylopodium, zeugopo- 
diiim, and autopodium, notwithstanding the fact that all these structures are 
already present in the stump. In the light of our hypothesis this result is not 
so difficult to understand as it seems at first sight, since the presence of an 
amputation surface, whatever its orientation, will always lead to the formation of 
a blastema by accumulation of dedifferentiated cells, which will automatically 
acquire tendencies for differentiation in a, distal direction. The additional infor- 
mation to be derived from this type of experiment is that what we have called 
the stump field is clearly not an extension of a hypothetical limb field still present 
in the stump. The character of the stump influence appears to be determined 
exclusively, by the level of amputation, or in other words, by the regional quality 
of the differentiated tissues present in the amputation plane. 

There are indications that the same hypothesis may perhaps be applied to 
the regenerating urodele tail. If, for instance, a tail which lacks the dorsal fin is 
amputated, it is often seen that the resulting regenerate is proximally without a 
dorsal fin, but that its most distal tip possesses a short stretch of normally shaped 
fin, which starts rather abruptly at a certain distance from the level of amputation 
(cf. Newth, 1958). This may mean that the tip is morphogenetically indepen- 
dent of the stump, and consequently able to “regulate^’, in contrast to the basal 
part of the regenerate. This problem is currently under investigation in our 
Laboratory. 

The main theoretical significance of the hypothesis lies in the fact that it once 
more emphasizes that explanations of pattern formation during morphogenesis will 
always have to take account of two types of morphogenetic factors : (1) factors 

extrinsic to the undifferentiated cellular material in which the pattern arises 
(commonly called inductive factors), and (2) the primary, intrinsic properties of 
the material in question, which is not necessarily morphogeneticaly neutral or 
“nullipotent”. Patterns probably never arise as the result of either of these two 
types of factors alone, but always seem to be the outcome of their combined and 
complementary action. 

An illustration of the primary importance of the intrinsic properties of the 
blastemal mesenchyme is provided by the experiment reported abovCj where a 
transplanted proximal half of a paddle* shaped regenerate reorganized itself autono- 
mously into a distal limb segment, consisting of digits and carpal elements. A 
still more striking illustration is provided by the following experiment. From a 
similar paddle-stage regenerate the distal third (the digital plate or hand plate) 
is cut off, and the proximal part is transplanted upside down into a pocket made 
in the muscles of the back. The skin of the back is allowed to heal over the 
exposed proximal cut surface of the transplant. In the following days the skeletal 
rudiments already present in the regenerate undergo dedifFerentiation, and the 
entire transplant reverts to an early blastematous condition (the epidermis of the. 
transplant degenerates). In this unorganized inass of mesenchymal cells apparently 
a new apical proliferation centre originates at the originally proximal, now out- 
wardly directed side of the transplant, and this leads to the formation of a small 
outgrowth consisting of limb mesenchyme covered by body epidermis. Ultimately 
most of these outgrowths develop into one or two digits, sometimes accompanied 

y a few carpal elements. Thus, a (defective) autopodium with reversed orienta- 
tion has arisen out of a small amorphous mass of limb mesenchyme by a com- 
pletely autono^us process of reorganization. During this process again the 
tendencies for dmerentiation in a distal direction take the lead, although the 
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mesenchyme transplanted, if left in situ on the stump, would have formed proximal 
limb parts/ 

These findings surely demonstrate that it is difficult to over-estimate the 
importance of the inherent capacities of organization and differentiation of mor- 
phologically undifferentiated cells. The question whether these cells are truly 
undifferentiated in a physiological (biochemical) sense is a difficult problem, which 
will not be discussed further at this place. 
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